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Purpose: The purpose of this study was to investigate the safety and usefulness of the Hem-o-lok clip for the closure of ap- 
pendicular stumps and limitations of the Hem-o-lok clip. Methods: From May 2010 to August 2011, 105 consecutive patients 
underwent laparoscopic appendectomies by three surgeons. XL size Hem-o-lok clips were used for the closure of appendicu- 
lar stumps by one surgeon. The remaining surgeons used double endoloop ligatures. Prospectively collected data from pa- 
tients who underwent laparoscopic appendectomy due to acute appendicitis were retrospectively reviewed. Results: A total 
of 105 laparoscopic appendectomies were performed. The endoloop group consisted of 66 patients (mean age, 34.6 years; 
range, 16 to 82 years), while the Hem-o-lok group consisted of 39 patients (mean age, 43.5 years; range, 11 to 88 years). In 
three cases, the Hem-o-lok clip was not used due to enlargement and severe inflammation of the appendix base. No specific 
intraoperative or postoperative complications were observed in either group. Conclusion: The use of Hem-o-lok clips for the 
closure of appendicular stumps in laparoscopic appendectomy is a feasible, safe, fast and cost-effective procedure in patients 
with a mildly to moderately inflamed appendix base of less than 10 mm in diameter. 
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Since the laparoscopic appendectomy was first de- 
scribed in 1983 by Semm [1], it has become a frequently 
used alternative in the treatment of acute appendicitis. 



During laparoscopic appendectomy, the base of the ap- 
pendix is usually secured by an endoloop ligature or linear 
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stapler (Endo GIA) [1-5]. Some data suggest that the sta- 
pling technique results in the safest closure of the stump, 
but it is also the most expensive method [5]. In addition, 
endoloop application requires some technique and a short 
training period [6]. Recently, in some studies, a non- 
absorbable Hem-o-lok clip (Week Closure Systems, 
Research Triangle Park, Durham, NC, USA) was applied 
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as an alternative technique for the closure of appendicular METHODS 
stump in laparoscopic appendectomies because Hem-o- 

lok clips has the advantages of easy application and low From May 2010 to August 2011, 105 consecutive pa- 
cost compared with the endoloop or stapler [6-9]. tients underwent laparoscopic appendectomies by three 
More than 450 laparoscopic cholecystectomies are per- surgeons. One surgeon used the Hem-o-lok clip whenever 
formed every year in our center, and Hem-o-lok clips have possible. The other two surgeons generally preferred to 
been used to close cystic duct in more than 90% of cases. use the endoloop. 

There were no specific complications related to the use All of the surgeons were board-certified and had the 

of Hem-o-lok clips in laparoscopic cholecystectomies. same expertise regarding laparoscopic appendectomy. 

Based on our experience, since May 2010, we have used The XL size (gold color applier) clip was used (external 
Hem-o-lok clips for the closure of appendicular stump in clip length 17.33 mm, internal length 13.58 mm) for the clo- 
laparoscopic appendectomy. sure of appendicular stump by one surgeon. The remain- 
Therefore, the aim of this study was to investigate the ing surgeons used proximal double 2-0 polydioxanone 
safety and usefulness of the Hem-o-lok clip for the closure (PDS; Ethicon Inc., Somerville, NJ, USA) endoloop 
of appendicular stump and limitations of the Hem-o-lok ligatures. 

clip. We obtained informed consent preoperatively from all 

patients for the use of Hem-o-lok clips or endoloop liga- 
ture for appendicuclar stump closure. 




Fig. 1. (A) Position of surgeon and ports. (B) Appendix base of applied double Hem-o-lok clips was transected by harmonic scalpel without 
third Hem-o-lok clip. (C) Hem-o-lok clip could not be used due to enlarged appendix base. (D) Appendectomy specimen base of same patient 
was too large in diameter (greater than 10 mm) for safe use of Hem-o-lok clip. 
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Prospectively collected data from patients who under- 
went laparoscopic appendectomy due to acute appendici- 
tis were retrospectively reviewed. 

Data were analyzed with a x 2 analysis and a Student 
t-test. When appropriate, data were presented as the mean 
± standard deviation. 

Statistical analysis was performed using SPSS ver. 15.0 
(SPSS Inc., Chicago, IL, USA). Statistical significance was 
accepted for P-values of <0.05. 

Operative procedure 

The patient was positioned in the supine position with 
the head down and right side up. The surgeon and an as- 
sistant stood on the left side, and the monitor was on the 
right side of patient. A Foley catheter was not routinely in- 
serted in Inje University Haeundae Paik Hopsital. 

Under general anesthesia, pneumoperitoneum (12 
mmHg) was established after a 12-mm port was placed 
through a 12-mm infraumbilical incision by the open 
method, and a 5-mm 30-degree laparoscope was sub- 
sequently inserted. Under direct vision, one 5-mm port 
was inserted in the suprapubic area, and one 5-mm port 
was inserted in the left lower quadrant (anti-McBurney's 
point). A 5-mm 30-degree laparoscope was then moved to 
the left side port (Fig. 1A). 

An umbilical trocar was used as the main working port, 
and an additional suprapubic trocar was used as the auxil- 
iary port. The mesoappendix was mobilized and resected 
with a harmonic scalpel (Ethicon Endo-Surgery Inc., 
Cincinnati, OH, USA). The proximal base of the appendix 
was closed using double Hem-o-lok clips, and another clip 
was placed distally on the appendix, which was transected 
between the clips. In some cases, a third clip was not used 
because appendix was transected by a harmonic scalpel 
(Fig. IB). The appendix was then removed through the 
umbilical port. A retrieval bag was sometimes used for 
large appendix. 

RESULTS 

A total of 105 laparoscopic appendectomies were per- 
formed; 55 patients were male, and 50 were female (mean 



age, 37.8 years; range, 11 to 88 years,). The endoloop group 
consisted of 66 patients (35 male, 31 female: mean age, 34.6 
years; range, 16 to 82 years), while the Hem-o-lok group 
consisted of 39 patients (20 male, 19 female: mean age, 43.5 
years; range, 11 to 88 years). The mean postoperative hos- 
pital stay was 5.3 ± 2.3 days in the Hem-o-lok group and 5.2 
± 1.6 days in the endoloop group. 

The mean diameter of the appendix base in the 
Hem-o-lok group was 9.9 mm (range, 6 to 11 mm) and 9.7 
mm (range, 5 to 15 mm) in the endoloop group. 

There was no significant difference in histological char- 
acteristics between the two groups (Fig. 2). 

In three cases, the Hem-o-lok clip was not used due to an 
enlarged appendix base (Fig. 1C, D) and severe in- 
flammation of the appendix base; in these patients, the en- 
doloop was used. 

No patients in either group required a conversion to an 
open appendectomy. No intraoperative complications 
were observed in either group. 

One umbilical wound infection occurred in the Hem- 
o-lok group, and two umbilical wound infections oc- 
curred in the endoloop group. All of these wound in- 
fections resolved with drainage or oral antibiotic therapy. 
There were no surgery-related postoperative complica- 
tions requiring rehospitalization after discharge. 

The costs of material were $29.2 United States Dollar 
(USD) for one unit containing six Hem-o-lok clips, $68.2 
USD for double endoloop ligatures. The characteristics of 
both groups are summarized in Table 1. 




No acute Supprative Gangraenous Perforated 
inflammation 

Fig. 2. Histological characteristics of all appendectomy specimens. 
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Table 1. Characteristics of Hem-o-lok and endoloop group of patients 



Characteristic 



Hem-o-lok clip group 



Endoloop group 



P-value 



No. of patients 

Age (yr), mean (range) 

Intraoperative complication 

Postoperative complication (wound infection) 

Appendix diameter (mm), mean (range) 

Hospital stay (day), mean (SD) 

Conversion to open 

Cost (USD) 



39 

43.5 (11-88) 
0 
1 

0.99 (6-11) 
5.3 (2.3) 
0 

$29.2 



66 

34.6 (16-82) 
0 
2 

0.97(5-15) 
5.2 (1.6) 
0 

$68.2 



0.049 



0.601 
0.096 



SD, standard deviation; USD, United States Dollar. 



DISCUSSION 

Laparoscopic appendectomy has not yet evolved as the 
gold standard for the treatment of acute appendicitis, un- 
like laparoscopic cholecystectomy. 

However, laparoscopic appendectomy is expected to 
increase gradually and become the gold standard for the 
treatment of acute appendicitis because laparoscopic ap- 
pendectomy has advantages similar to laparoscopic 
cholecystectomy. 

Although the laparoscopic appendectomy surgical 
technique has been well established, there are many differ- 
ent techniques within procedure, including trocar posi- 
tioning and the closure of appendicular stump. 

Despite these differences, the most important concern 
in laparoscopic appendectomy is the safety of the method 
used for the closure of appendicular stump. 

Most surgeons have either used a stapler or endoloop to 
close the appendicular stump [2,10,11]. Recently, some 
studies have reported the safety of using the Hem-o-lok 
clip for the closure of appendicular stump [6-9]. Additio- 
nally, the safety of using Hem-o-lok clips for the ligation of 
vessels, ureters, and bile ducts has been documented in 
over 1,000 surgical procedures [12-14]. 

Thus, it has been already well known that the use of 
Hem-o-lok clips is safe, and its application is also easy and 
fast. 

In agreement with other studies, our study also shows 
that there were no significant differences between the 
Hem-o-lok group and the endoloop group with respect to 
intraoperative and postoperative complications. Howev- 



er, the Hem-o-lok clip is cheaper than the endoloop or 
stapler. 

Therefore, we believe that questions on the safety, use- 
fulness and cost-effectiveness of Hem-o-lok clips have 
been conclusively answered. 

In this study, among the various methods for the closure 
of appendicular stump, we analyzed the conditions under 
which Hem-o-lok clips are preferable. 

In total, 39 (92.8%) of 42 patients were able to use the 
Hem-o-lok clip. The Hem-o-lok clip was not used in three 
cases because of the appendix base diameter. 

Although there was no severe inflammation in the ap- 
pendix base, the diameter of the appendix base was great- 
er than 10 mm in 2 of 3 patients who received the endo- 
loop, suggesting that Hem-o-lok clips cannot be used in 
cases with an appendix base greater than 10 mm because 
the internal length of the XL size clip is 13.58 mm. 

However, our results show that the mean diameter of 
the appendix base in both groups is less than 10 mm, in- 
dicating that the Hem-o-lok clip can be used in most lapa- 
roscopic appendectomies. 

The remaining patient had a severely inflamed appen- 
dix base and a diameter of up to 10 mm. As a result, the en- 
doloop was used instead of the Hem-o-lok clip. Unfortu- 
nately, a fracture of appendicular stump occurred, and re- 
inforcement suturing was laparoscopically performed to 
prevent leakage of appendicular stump. In this case, we 
believe that the stapler should be used for the safe closure 
of the appendicular stump. 

To summarize our results, although various methods 
for the secure closure of appendicular stumps have been 
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used in laparoscopic appendectomy, it is important to pri- 
oritize treatment methods based on the severity of in- 
flammation in the appendicular base, the diameter of the 
appendicular base and cost of the material. 

In our opinion, if the appendix base diameter is less than 
10 mm and the inflammation of the appendix base is mild 
to moderate, the Hem-o-lok clip should be recommended 
first. If the appendix base is too large in diameter (greater 
than 10 mm) for the safe use of the Hem-o-lok clip but the 
inflammation is not severe, the endoloop could be recom- 
mended instead of the Hem-o-lok clip. Stapler use should 
be limited to cases of severely inflamed appendicular bas- 
es that are greater than 10 mm in diameter. Additionally, a 
perforated appendix was not a consideration because the 
condition of the base was the most important factor for 
choosing the material for the appendicular stump closure. 

Rickert et al. [15] reported that one advantage of the tita- 
nium clip in comparison to other commercially available 
clips is the size, which allows the closure of an appendix 
base greater than 10 mm, but the size of the applicator for 
titanium clip requires a 12.5 mm trocar. Therefore, if the 
Hem-o-lok clip is produced in a larger size, the diameter of 
the appendix base will no longer be a concern. 

During the study period, we identified two retrograde 
appendectomies. 

Although inflammation of the appendix base was not 
severe and the diameter was less than 10 mm, it was im- 
possible to perform an antegrade appendectomy due to 
severe adhesion by perforation of the appendix tip and the 
retrocolic position of appendix. Therefore, the Hem-o-lok 
clips were first applied after tunneling the mesoappendix 
around the appendix base. Subsequently, the appendix 
base was resected, and mesoappendix was mobilized and 
resected with a harmonic scalpel (retrograde appendec- 
tomy procedure). This procedure resembles the clipping 
of the cystic duct, which is performed for laparoscopic 
cholecystectomy. In this situation, the use of an endoloop 
is impossible. Although the stapler can be used in this case, 
it is too expensive compared with the Hem-o-lok clip. 
However, because Hem-o-lok clips are not only inex- 
pensive but also easy to apply, they are a useful material to 
use, primarily in retrograde appendectomy. 

Recently, several studies have reported the safety of us- 



ing a single Hem-o-lok clip [8,9]. Single clip was used be- 
cause the long stump formed by double clipping might be- 
come necrotic and could be the cause of a local abscess. 
Additionally, double clips could increase the risk for intra- 
abdominal adhesions. 

However, the principal method at our center for the clo- 
sure of the appendix base is double clipping with the 
Hem-o-lok clips, similar to cystic duct clipping in laparo- 
scopic cholecystectomy. No complications related to the 
use of double clipping have ever been experienced in lapa- 
roscopic cholecystectomy or appendectomy at our center. 
We also cannot be sure that single clipping is 100% safe be- 
cause of the possibility of the Hem-o-lok clips slipping or 
unlocking. 

In addition, Delibegovic et al. [16] reported that Hem- 
o-lok clips caused a milder reaction than endoloop clips. 
Although a precise comparison cannot be made because 
this study was performed in a rat model, the reaction in 
humans is generally similar to but less intense than that 
observed in experimental animals. 

Therefore, decisions on whether to use single clipping 
or double clipping should be made according to the expe- 
rience of each center. 

In conclusion, the use of Hem-o-lok clips for the closure 
of appendicular stump in laparoscopic appendectomy is a 
feasible, safe and cost-effective procedure in patients with 
a mildly to moderately inflamed appendix base of less 
than 10 mm in diameter. 

Additionally, the use of the Hem-o-lok clip will be help- 
ful in retrograde appendectomy and does not carry a sub- 
stantial learning curve. 
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